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Abstract 
Theobroma cacao L. is a commercial tree derivate chocolate, which is originally from tropical regions of Central and South 
America. Currently, cacao is distributed throughout warmer climates in South and Central America, Africa, and South East Asia 
including Indonesia. Sulawesi Island of Indonesia has contributed significantly on cacao bean production over more than a 
decade. Intensive and extensive developments of this plant have been progressively done. One of these steps is the introduction 
of various new superior cultivars/clones. In current status, due to introduction of numerous cultivars and clones, it raises the 
variability of cacao trees on the field and derivate products from it. However, screening based on genotype and phenotype 
properties is urgently elucidated. In this paper, we report the variation of distinguishable pot morphology and genetic variation 
based on SSR marker from several clones, collected from Central Sulawesi farms. Among the samples could be characterized 
based on pot performance including; shape, size, bean properties, etc. Genotyping was done by using SSR marker. The outcome 
clearly shows that the polymorphism among the samples indicates high evolution rate on cacao trees over Sulawesi Island. 
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1. Introduction 
Theobroma cacao L. is an important agronomic commodity from Sulawesi. So far, these regions contribute more 
than 50% of total Indonesian product. Central Sulawesi itself was recorded to contribute 21% or about 137.000 ton 
of cacao bean per year. Recently, one of the extensive developments on this agricultural system has been done by 
the introduction of new-believed superior clones/cultivars. The new clones are expected better in quality, higher in 
production and more resistance against pest and pathogen. Various clones/cultivars, such as ICCRI, M05, Irian and 
Panther have been introduced into this area. Consequently, cross-breeding to local or earlier exist clones occurs 
uncontrollably in the field. As a result, many cacao plants could not be identified accurately. Therefore,the 
fingerprint of each clone and the ancestor is important to be elucidated in this issue. 
Unfortunately, the accurate identification system of all clones is not available yet. The common identification is 
based on morphology, mainly morphology of pod (fruit); such as basic form, colors and surface appearances, and 
properties of seed. Consequently, there are a lot of biases on characterization. In another case, there were two or 
more identical clones, but they were named by the same name. In addition, it is hard to namethe new segregation 
clones which appeared from uncontrolled breeding (natural hybridization). Genotype identification is one of 
promising approaches which can be used in elucidating those circumstances. Genetic identification can be done as 
DNA fingerprint based on several methods including: RAPD (Random amplified polymorphic DNA), RLFP 
(Restriction Fragment Length Polymorphism) [1][2], and SSR (Simple Sequence Repeats)[3][4], which is 
commonly and accurately used in this purpose . 
In our current work, it is found that there are more than 20 different identified clones over local farming in 
Central Sulawesi. The current exist clones on the field are mainly the result of breeding, such as ICCRI clone. Other 
clones are resulted from screening, done by local farmer. There are also clones which may be resulted from natural 
hybridization or self-segregation from the introduced clones. Each clone in this study is named based on the 
knowledge of local farmer and local expert about this plant. Genetic variation on cacao was successfully showed by 
SSR method using various set of primers [3][4]. Based on Screening of SSR primers, there were at least two set of 
primers which are suitable for polymorphism detection on cacao in Sulawesi. These two primers are reported here 
(mTcCIR 24 and mTcCIR 26). In this report,it is showedthat novel DNA fingerprint on Sulawesi cacao is 
comparable to phenotypic identification. 
2. Material and Method 
Sample of pot was collected from local farming of Sigi and Parigi districts over the period of harvesting (from 
December 2013 to August 2014). Morphometric measurement was done on samples pot (more than 40 pots/clone), 
by using vernier caliper. Bean account (number of bean/100 g) indicating the class of bean was based on Indonesian 
National Standard (SNI 01-2323-2002) as follow: AA (≤ 85 beans), A (86-100 beans), B (101-110 beans), C (111-
120 beans), and S (≥ 120 beans). Total genome was isolated from 100 mg leaf sample after grinded in liquid 
nitrogen and further purified by using Qiagen- DNeasy® Plant Mini Kit. PCR amplification was done using KOD 
tag polymerase enzyme (Toyobo) and set of primers: TCss4/mTcCIR 24 (tttggggtgatttcttctga - tctgtctcgtcttttggtga) 
and TCss5/mTcCIR 26 (gcattcatcaatacattc- gcactcaaagtt cat act ac) [3]. Amplified DNA then was subjected to DNA 
sequencing. Sequence data then was further analyzed in “Bioedit” software. 
3. Result and discussion 
Morphometric measurement on pot and seed properties of Cacao from local-farming can be summarized in Table 
1. Polymorphism can be detected from pod and bean dimension. Based on our survey in the field, clones like 
ICCRI-01, ICCRI-03, ICCRI-04, Sulawesi-1, and Sulawesi-2 were variant of cacao which were introduced to the 
farm in Sulawesi Island. These clones were most likely the product of professional-breeding program. On the other 
hand, clones such as Local Sidondo and Local Pasang Kayu (the name is given according to the place/village where 
the plant grows) were cacao lines that local farmer did screening for. It indicates that these cultivars were 
commercially grown in long period of time by the local farmers, and the clones were adapted well to local 
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environment. In the present days, these clones have been propagated by grafting in wide area of plantation, and local 
farmers are satisfied enough to the properties of each clone.  
 
Table 1. Characterization on properties of Pods and seeds of Cacao lines from local farming in Central Sulawesi 
  Character 
Pod properties Seed properties 
Clones 
Name 
Basic 
Form Colour 
Length 
(cm) 
Diameter 
(cm) 
cavity 
length 
(cm) 
Cavity 
Diameter  
(cm) 
Eksoca
rp 
(cm) 
Mesoc
arp 
(cm) 
Endoc
arp 
(cm) 
Leng
th 
(cm) 
Wide 
(cm) 
Thickness 
(cm) 
bean 
account 
per 100g 
/Class 
ICCRI 04 Oblong Yellow 15.9 - 
19.1  
7.1 - 
8.8  
10.3 - 
15.3  
4.2 - 
6.1  
0.6 - 
1.3  
0.1 - 
1.1  
0.2 - 
0.5  
1.8-
2.3  
1.0-
1.2  
0.6-1.0  107/B  
ICCRI 01 Oblong Yellow 17.5 - 
22.4  
8.1 – 
10  
12.6 - 
16.7  
4.9 - 
6.3  
0.6 - 
1.4  
0.1 - 
0.2  
0.3 - 
0.7  
1.9-
2.4  
1.0-
1.3  
0.6-1.0  97/ A  
ICCRI 03 Elliptic Yellow 12 - 
16.8  
6.6 - 
8.3  
10.0 - 
13.3  
4.1 - 
5.3  
0.7 - 
1.1  
0.1 - 
0.2  
0.2 - 
0.6  
1.8 - 
2.3  
1.0 - 
1.3  
0.6 - 
1.0  
120/C  
Local 
Sidondo 
Elliptic Yellow 13.1 - 
18.7  
7.6 - 
10.1  
8.4 - 
12.9  
3.5 - 
6.2  
0.6 – 
1.3  
0.1 - 
0.2  
0.3 - 
0.5  
2.0 - 
2.8  
1.1 - 
1.5  
0.6 - 
1.1  
75/AA  
Sulawesi 
1 
Oblong red-
brown 
15.1- 
19.90 
7.18 - 
9.17 
11.57 - 
14.47 
5.02 - 
6.71 
0.62- 
0.77 
0.06- 
0.08 
0.34- 
0.39 
2.02- 
2.49 
1.15- 
1.40 
0.71 - 
1.14 
71 (AA) 
Sulawesi 
2 
Oblong red-
brown 
16.6- 
21.70 
7.53 - 
9.68 
10.64 - 
16.44 
5.02 - 
6.23 
0.90- 
0.98 
0.06- 
0.09 
0.42- 
0.67 
1.92- 
2.42 
1.13- 
1.34 
0.70 - 
0.95 
77 (AA) 
Local 
PasangKa
yu 
n.a. 
 
Further characterization, we perform genotypic analysis using SSR marker. Data on this work were shown in 
Figure 1 and 2. Fig.1 is the alignment result on SSR motive of mTcCIR26/ clone COL_219 loci. While Fig.2 is 
alignment result on SSR motive of mTcCIR24/ clone COL_510. The similarity of Nucleotides sequence between 
our data and database was 88%-98%. 
 
Fig.1. SSR motive variation among Cacao clones using TCss 5/mTcCIR 24. Variation of SSR motives was also found in different individual 
plant from the same clone. The specific motive was (TC) n or (TC) nTTT(CT)12 
Fig.2. SSR motive variation among Cacao clones using TCss 5/mTcCIR 26. Variation of SSR motives was also found in different individual 
plant from the same clone. The specific motive was (GA)n 
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These SSR motives were significantly different among clones and also different to motive derivate from 
Cameroon and South America clones [ (TC)9C(CT)4TT(CT)11 ] and [ (AG)13 ] [3][4]. Based on these SSR 
markers, it shows the genetic character of each clones, especially the clones of Sulawesi-1 and Sulawesi-2.Their 
phenotypic properties were very similar, and it is difficult to compare them on the field. Nevertheless, using SSR 
marker of mTcCIR 24, the differences can be displayed. 
Furthermore, our data relating to SSR motive on the introduced clones of ICCRI shows that there were at least 
two variations on each clone. Phenotypic performance within clone was very uniform, but there was clearly 
genotypic variation. The data indicate that evolution rate on these clones was quite high. Even though, the clones 
were cultivated in similar condition (in Central Sulawesi), the genetic variation easily appear from this area. 
Having put together all the data above, the high degree of polymorphism among local cultivars/clones from 
Central Sulawesi indicates the high rate of evolution on this tree. The variety of the clones is not only on the 
performance of pot and seed/bean, but also on the genotypic of each clone, which can be detected using SSR marker 
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